Abstract
177
The Ball-Berry model is defined as:
Eq 1 where is a model parameter, is the molar fraction of CO2 at the leaf surface, and 0 is a residual 179 conductance, commonly related to imperfect stomatal closure and the cuticular conductance of leaves.
180
The Leuning model is defined as: 
Ecosystem Model

206
To scale up the effects of eCO2 from leaf to ecosystem, the ecohydrological/ecosystem model "Tethys- ), which can be computationally demanding.
289
The value of depends on absorbed , the temperature of the leaf surface ( ) and the CO2 
Leaf-level Monte Carlo Simulations
309
To assess the effect of meteorological and parameter variability on the responses of leaves to eCO2, a Monte
310
Carlo experiment was constructed. First, for each group representing a different combination of treatments, were sampled. In this simulation setup, only well coupled atmospheric conditions were taken into account
323
(i.e. = ) for reasons that will be explained more thoroughly in the result section.
324
Three different statistics were used to quantify the effect of meteorological and parameter variability on the 325 uncertainty of the responses to eCO2:
, and 
Ecosystem Level Simulations
352
The purpose of this simulation is to investigate how the observed variability at the leaf scale (only)
353 manifests itself at ecosystem scale, taking into account the major eco-hydrological feedbacks.
354
Given the relatively high computational demand of T&C, only margin or end-member cases were sampled. observations can be fully explained by the response of to and , and the dependence of on .
413
The fact that wind speed ( ) has minimal influence can be explained by the leaf shape (needles) that does 
425
Another difference between the three models is the estimated value of the marginal water use efficiency . 
Sensitivity to spatial and temporal variability 444
The key results from the leaf-level simulations are: (a) at short temporal scales (e.g. hourly) the main source chose the standard deviation of the sets , and (Table 3) . In Figure 7 , the variability of the 452 responses to eCO2 can be interpreted by the range of the respective box plots.
453
Specifically, the total variability of the net CO2 assimilation effect at the hourly time scale varies from 1- 
478
The diurnal cycle of enhancement and reduction predicted by both models is similar. further reduce water availability in the soil. However, the eCO2 may also lead to an increased , transpiration per unit leaf area and the increased foliage area compensated for each other is a difficult 499 question that can be addressed by ecosystem models.
To assess how such indirect effects impact the variability of photosynthesis stimulation, transpiration 501 reduction, and increase at the ecosystem level due to elevated atmospheric CO2, the T&C model there is an increase in water losses due to enhanced evaporation from interception for an eCO2 state, but 510 those losses are low in comparison to the total precipitation at the Duke Forest. The strength of the CO2 511 effect is dependent on the model parameters, with being more influential than the parameters related 512 to stomatal conductance.
513
The effects of the meteorological and parameter variability on the variability of carbon assimilation 
Discussion
540
The uncertainty of leaf and ecosystem level responses to eCO2 was explored using long-term gas exchange properties, root-density distribution, etc.) but those selected here are deemed to be common to most of the 546 Earth System models.
547
The work addressed the consequences of this variability as guided by a set of questions pertinent to the 
582
It should be noted that in the present study, the parameter variability ought to be limited since the study 583 region was a uniform single-species plantation. In unmanaged ecosystems, species diversity and the uneven , and due to eCO2 integrated at the time scales of 1 hour (upper panels), 1day (middle panels) and 1 year (lower panels) for leaves exposed to full light (left 2 panels) and shaded leaves (right 2 panels). 
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